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ABSTRACT

The mission of the Navy Environmental Sustainability Development to
Integration (NESDI) program is to provide innovative solutions to reduce
environmental-related risks, limitations, and costs while maintaining operational
readiness. While NESDI has an established set of processes to develop the technology,
techniques, and tools (TTT), it faces the challenge of integrating the TTT into naval
facilities. To identify causes of the integration problem, this thesis conducts a
comparative analysis of two completed NESDI projects with the systems engineering and
innovation-decision processes. Findings from the comparative analyses are used to
develop two frameworks. The first framework consists of the conduct of problem
definition, needs analysis, and stakeholder analysis, while the second framework
facilitates the integration of TTT into a naval facility. The author recommends the
application of the frameworks as early as possible to existing NESDI and “new start”
projects. Successful application of both frameworks will ensure an increased likelihood
of technology integration at the enterprise or fleet level.
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EXECUTIVE SUMMARY

The Navy Environmental Sustainability Development to Integration (NESDI) is a
program managed by the U.S. Naval Facilities Engineering Command (NAVFAC). The
NESDI program serves to provide innovative solutions with technology, techniques, and
tools (TTT) to naval facilities to “reduce operational environment risks, constraints, and
cost while ensuring fleet readiness” (U.S. Navy Energy, Environment, and Climate Change
n.d.-a). Despite the program’s efforts to integrate the developed TTT through various
marketing means, it has achieved little success as the end users’ adoption of the technology
is slow and the actual integration into naval facilities is extremely poor. As a result, most

TTT projects have been shelved and the intended benefits were not realized.

The purpose of this study is to identify and review the factors that may impede
technology integration when a systems engineering (SE) approach is not applied. Findings
from the study are utilized to develop frameworks to guide NESDI’s future projects’

development so as to increase the likelihood of technology integration at naval facilities.

To steer NESDI’s TTT development effort based on the SE approach, the re-
definition of “technology integration” is proposed. The new definition of technology
integration entails a sequential process of technology transition, adoption, and diffusion:

. Technology transition refers to the process of putting the new TTT into
use;
o Technology adoption refers to the moment when the end user accepts the

new TTT in place of the existing TTT;

o Technology diffusion refers to the moment when there are two or more

naval facilities adopting the new TTT.

Based on the new definition of technology integration, two comparative analyses
are conducted using the logic of the comparative case studies approach (Yin 2014). An

overview of comparative analyses conducted in this study is summarized in Figure 1.
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NESDI’s Technology Integration

Technology » Technology . Technology

Transition Adoption Diffusion
L J
o v -/
v l
Comparative Analvsis 1 Comparative Analysis 2
NESDI’s Development Process NESDI’s Integration Process
versus SE Process versus Adoption and Diffusion Process
Establish Framework 1 Establish Framework 2

Figure 1. Overview of Comparative Analysis.

Prior to the conduct of the comparative analysis, an initial assessment of NESDI’s
current process is performed based on the 15 conditions of technology integration listed in
NESDI’s standard operating procedures (SOP) document (NAVFAC 2010). It reveals that
the absence of need and stakeholder analyses might be the underlying reason limiting
technology integration, as most projects did not reach the stage of implementing the

integration process at the naval facility.

To verify the initial assessment, NESDI’s Project 341 (zinc removal from
compensating ballast water, or compwater) is utilized to conduct the first comparative
analysis with the SE process of problem definition, needs analysis, and stakeholder
analysis. The purpose is to identify the effective need and key stakeholders for the project
so as to increase the likelihood of technology integration. As part of the comparative
analysis, it is found that only Naval Station (NAVSTA) Everett is identified as an affected
port that required the zinc removal system to treat the high concentration of zinc impurities
in the compwater produced by the Arleigh Burke class destroyers. Despite it being an
effective need for NAVSTA Everett, the zinc removal system would have to be an
enterprise-level need in order for it to be extended beyond NAVSTA Everett. Hence,

additional NAVSTA are required to qualify the zinc removal system as an enterprise-level
xii



need. The comparative analysis suggested that additional NAVSTA such as the homeports
and refueling ports where the Arleigh Burke class destroyer docks may well be the potential
NAVSTA that require the zinc removal system. As such, key stakeholders from the
potential NAVSTA, such as the commanding officers and the Naval Environmental
Officer, should be engaged to solicit interest and support in developing the zinc removal
system. To this end, the conduct of problem definition, needs analysis, and stakeholder
analysis are essential to collect evidence to support the program as an effective need. In
addition, involving the key stakeholders who recognize this as their NAVSTA’s effective
need in the development of the TTT would have a higher chance of getting the zinc removal
system adopted by their end users. Based on these findings, Framework 1 (see Figure 2) is
developed to provide NAVFAC and the NESDI program the foundation necessary to
facilitate the development of the TTT and, more importantly, to increase the likelihood of

successful technology integration across the U.S. Navy.
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Figure 2. Framework 1.
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The second comparative analysis is conducted between NESDI’s integration
process and the innovation-decision model (Rogers 1995). The purpose of this comparative
analysis is to augment Framework 1 in providing the strategy to facilitate technology
adoption and diffusion when the TTT is developed. With this, NESDI’s Project 288
(Nofoam system for automotive fire apparatus vehicle foam discharge checks, or Nofoam
unit technology, for short) is utilized for this comparative analysis as it resulted in more
than 200 automotive fire apparatus vehicles adopting the Nofoam unit technology across
the U.S. Department of Defense (DoD). Extended beyond not only the Navy but across the
DoD, the Nofoam unit technology program is considered to have achieved technology

diffusion. Hence, findings from this comparative analysis can offer useful lessons.

The innovation-decision model begins with the end user when he/she is (1) aware
about the new TTT (knowledge), (2) forms an attitude about the TTT (persuasion), (3)
decides whether to incorporate the new TTT into ongoing practice (decision), (4) uses the
TTT (implementation), and (5) recognizes the benefits of using the TTT (confirmation).
After comparing to how the Nofoam unit is implemented, the findings are summarized in
the Table 1.

Table 1. Comparative Analysis of Innovation Decision Process and Nofoam Unit
Integration Process.

Innovation-Decision Findings from Comparative Analysis of NESDI’s
Process Integration Process and Innovation-Decision Process
Knowledge stage NESDI employed a series of advertising and marketing methods

to increase the awareness for Project 288 only toward the end
of the development phase. It should, however, be done at the
start of project development according to the SE process.
Conducting stakeholder analysis (as part of Framework 1) will
help to create initial awareness. The purpose of initial awareness
IS to obtain stakeholders’ support in developing the TTT. As the
TTT has an increased likelihood of being adopted by key
stakeholders, credibility gained can further aid the TTT to
circulate within and even beyond the enterprise.

Persuasion stage To ensure end users replace the existing TTT with the new TTT,
top-down command emphasis and an effective communication
plan addressing the five perceived characteristics (relative

Xiv



Innovation-Decision
Process

Findings from Comparative Analysis of NESDI’s
Integration Process and Innovation-Decision Process

advantage, compatibility, complexity, trialability, and
observability) should be carried out.

Decision stage

Same as Persuasion stage, command emphasis on using the new
TTT is encouraged. In addition, a feedback channel should be
included to allow the end users to voice any concerns about and
suggestions for the new TTT.

Implementation stage

Same as Knowledge stage, command emphasis during
implementation of the new TTT is encouraged.

Confirmation stage

End users adopt the new TTT.

Based on the findings, Framework 2 (see Figure 3) is developed to (1) create

awareness primarily at the earliest opportunity, (2) develop a communication plan to

manage end users’ expectations, (3) apply command emphasis to use the new TTT, and (4)

establish a feedback channel. This will facilitate technology adoption and diffusion and

subsequently increase the likelihood of technology integration at a naval facility.
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Figure 3. Framework 2.

In conclusion, Framework 1 essentially modifies NESDI’s initial process to
“collect, validate, and rank needs” (U.S. Navy Energy, Environment and Climate Change
n.d.-b) to the SE approach of conducting of problem definition, needs analysis, and
stakeholder analysis. The aim is to establish a firm foundation with key stakeholders’
support to develop the TTT in accordance with the effective needs and requirements.
Framework 2 essentially modifies NESDI’s final process to “integrate solutions” (U.S.
Navy Energy, Environment and Climate Change n.d.-b) by applying the innovation-
decision model to create awareness, develop a communication plan, drive command

emphasis, and establish feedback in facilitating the integration of new TTT.

Depending on the current phase of the project, applying the frameworks to existing
and ongoing projects is recommended to make just-in-time correction. As the frameworks
are meant to apply to “new start” projects, it is recommended to weave the SE and
innovation-decision processes into the “new start” program schedule defined in the NESDI
standard operating procedures (SOP) document.
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Lastly, as this study only utilized two completed shore-based projects (Project 341
and Project 288) in its comparative analyses, completed projects from other shore-based
TTTs or other types of TTTs can be conducted to provide more inferences so that the
frameworks can incorporate new lessons learnt and be revised accordingly. In addition,
further studies can be proposed to evaluate the degree of success by measuring how well
the TTT has been transitioned, adopted, and diffused in the U.S. Navy. Result from this
study will reinforce the usefulness of the frameworks and provide a “tangible” form of

benefit in using the frameworks.
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l. INTRODUCTION

A. PURPOSE

This research seeks to identify and review the factors that may impede the
integration of a newly developed system or technology, techniques, and tools (TTTs) at a
particular facility when a systems engineering (SE) approach is not applied. Two actionable
frameworks are developed from the study’s findings to serve as guidance for the Naval
Facilities Engineering Command (NAVFAC) to pursue TTTs that can be integrated and
extended fleet-wide. This study also offers a long-term definition of “integration” from
which NAVFAC can draw alignment for its future projects. The synonyms for TTT used
in this research include “system,” “technology,” and “innovation.”

B. BACKGROUND

The Navy Environmental Sustainability Development to Integration (NESDI) is a
program managed by NAVFAC, whose mission is to “provide solutions by demonstrating,
validating, and integrating innovative technologies, processes, materials, and by filling
knowledge gaps to minimize operational environmental risks, constraints, and costs while
ensuring fleet readiness” (U.S. Navy Energy, Environment and Climate Change n.d.-a).
While NESDI has an established set of processes to (1) collect, validate, and rank needs,
(2) collect, evaluate, and rank proposals, (3) execute projects, and (4) integrate solutions
(see Figure 1), it does not have a systematic framework that can provide guidance to ensure
the successful integration of newly developed TTTs. As a result, most TTT projects have
eventually been shelved, as the technology adoption of the newly developed TTTs by the
end users is slow and the actual integration of such innovations into naval facilities is
extremely poor. Hence, the intended benefits and projected cost savings could not be

realized.



The NESDI Program Process

4

Support from End Users ® > Fleet-Transitioned

& Technical Authorities Projects
INTEGRATE &

SOLUTIONS

TIMEFRAME: Ongoing

End User Validated Project Plans Successfully Demonstrated
from Principal Investigators and Validated Projects

2

Principal Investigators Proposals
COLLECT, EVALUATE
& RANK PROPOSALS
TIMEFRAME: Every Winter/Spring

Unresolved 1
Environmental Validated
Issues from A o Needs
End Users COLLECT, VALIDATE
& RANK NEEDS

TIMEFRAME: Every Summer/Fall

Figure 1. NESDI’s Project Development Process. Source: NESDI
(2016).

C. REDEFINING “INTEGRATION” FOR THE NESDI PROGRAM

The NESDI program’s current and conventional approach of technology
integration has focused largely on advertising with technical data and fact sheets, and
seeking to sell the TTT as a package that presumably fits with every naval facility.
According to NESDI’s annual year in review report, fact sheets of active and completed
projects are advertised through a variety of print materials (such as quarterly newsletters
and Current articles, and the U.S. Navy’s energy and environmental magazine) and online
publications (http://navysustainability.dodlive.mil/environment/nesdi/), as part of an
ongoing effort to promote the TTTs to potential stakeholders or clients. A more targeted

approach that NESDI adopts is to contact a list of identified sites that would presumably
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benefit from the TTT. Information about the TTT is then disseminated to these sites to
create awareness and generate conversation, with the aim of seeking their interest to buy
into the TTT. While this approach reflects a genuine desire for integrating the TTT, it has
omitted a holistic business plan and strategy required for effective TTT integration.
Therefore, to steer NESDI’s TTT development effort in the right direction, there is a need

to redefine “integration.”

The “integration” proposed for the NESDI program in this study consists of three
phases: technology transition (phase 1), technology adoption (phase 1), and technology
diffusion (phase I11). The three phases represent NESDI’s definition of integration from
the moment the TTT is demonstrated and validated to the moment the TTT is extended to

other naval facilities.

1. Technology Transition

Technology transition is the process of putting an innovation into use (Rogers
1995). In this regard, the technology transition process for the NESDI program begins as
soon as the TTT has successfully been demonstrated and validated to meet the requirements
derived from need and stakeholder analyses. The process of technology transition then
carries on to the stage where the TTT is being installed at the naval facilities, accompanied
by relevant enabling systems such as the provision of training, operating manuals, and
maintenance capabilities. Throughout this process, there is long-term involvement between
the developer of the technology and the intended end users. This partnership between the
developer and the end users “drives an iterative process of technology development,
implementation, and acceptance” (National Research Council 2004) by the user
community that eventually leads to technology adoption and diffusion. In addition, the
technology transition is also considered a collaborative process with stakeholders where
the success of TTT integration is highly dependent on their participation and support
(National Material Advisory Board 2004).

2. Technology Adoption

Technology adoption happens when the end-user accepts the new technology and

uses it to replace the current technology (Rogers 1995). According to Everett M. Rogers,
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the rate at which the technology is adopted can be explained by five attributes: (1) relative
advantage, (2) compatibility, (3) complexity, (4) trialability, and (5) observability (see
Table 1). Hence, these attributes not only serve to help us measure the rate at which the
TTT is adopted, but also to provide guidance in generating a tailored approach to

implement the TTT at the naval facility.

Table 1.  Attributes for Technology Adoption.

Attributes Descriptions
Relative advantage | The extent to which an individual views a new
TTT as a better option than the existing one.

Compatibility The extent to which how an individual may use
his/her existing experience to operate the new
TTT.

Complexity The extent to which the new TTT is easy to

understand and learn to use shapes the intended
user’s views on the new TTT.

Trialability The extent to which the TTT can be trialed. With
more end users exposed to the new TTT during the
trialing stage, the probability of TTT adoption
when it is implemented increases.

Observability The extent to which potential end users are aware of
this TTT’s benefits.

3. Technology Diffusion

Technology diffusion is the process by which the TTT is communicated and
extended beyond the intended user to other naval facilities over time (Rogers 1995). It
assumes the successful adoption of new TTT by the end users at the intended naval facility
and thereafter continues to “disseminate” and diffuse the TTT to other naval facilities at
the enterprise level, using various communication methods supported by the stakeholders.
The TTT is considered to be “diffused” when two or more naval facilities adopt the TTT.
Technology diffusion may be a challenging and time-consuming process, but effort must
be made to achieve this goal. This study is an initial effort that aims to guide NAVFAC
and the NESDI program in the right direction to increase the likelihood of successful

technology integration at naval facilities.



D. SCOPE AND DELIVERABLES

The focus of this research is to examine and understand the process NAVFAC and
the NESDI program currently adopt to develop, advance, and integrate new TTT into the
naval facility. Using the comparative analysis approach, the current process for developing
and integrating the TTT is compared with the SE process and the integration process
(technology transition, adoption, and diffusion), respectively, to identify shortcomings with
the current TTT development and integration process. The findings from the comparative
analyses are used to establish frameworks to guide NAVFAC and the NESDI program, so as

to increase the likelihood of successful technology integration for future TTTs.

E. BENEFITS OF THE STUDY

The actionable frameworks developed in this study can serve as guidance for the
NAVFAC and the NESDI program to realign their work processes in accordance with the
SE and integration processes. When the SE and integration frameworks are utilized
effectively, the following benefits are envisaged:

1. Cost Savings and Higher Likelihood for Successful Integration

Once the effective needs and key stakeholders are identified, “half the battle is
won,” as the developed TTT will be highly supported by the key stakeholders who view
the TTT as addressing their effective needs. In addition, it will also be in the key
stakeholders’ interest to get end users to adopt the new TTT. Therefore, with higher
probability of technology adoption, the newly developed TTT can help the naval facilities
involved to operate more effectively and efficiently, reaping the return on investment and

cost-savings at the earliest possible opportunity.

2. Fundamental Changes in Work Processes

This study is expected to create awareness for the principal investigators (PI) in
NAVFAC and possibly Naval Sea Systems Command (NAVSEA), Naval Air Systems
Command (NAVAIR), and Space and Naval Warfare Systems Command (SPAWAR), if

extended. If the developed frameworks are successfully adopted and diffused, it is expected



to cause fundamental changes to the work processes in developing a new TTT. Command

emphasis from upper management is recommended to drive and expedite this change.

F. OBJECTIVES

This study seeks to answer the following research questions:

1.

How do the current NAVFAC and NESDI integration processes compare

to the systems engineering integration process?

How do NAVFAC and NESDI define integration and successful

integration?

What are the challenges that NESDI encounters during the integration of a
new TTT?

What means do NAVFAC and NESDI provide to the end users during the
course of TTT integration (i.e., subject matter expert training, just-in-time

training, on-site assistance, feedback.)?

How can the current NAVFAC and NESDI integration process be

modified to increase the likelihood of success?

G. ORGANIZATION

This thesis consists of five chapters. The remaining chapters are structured in the

following manner. Chapter Il is a literature review highlighting common barriers to

integration and accepted principles of integration in and out of the systems engineering

domain. Chapter Ill contains the research methodology that states the strategy to address

the research questions and outlines how comparative analyses between the SE process and

the select number of NESDI cases (completed projects) are done. Chapter IV analyzes and

presents the results from this work. Findings from the analyses are used to develop the

framework for the NESDI program to screen future projects. Lastly, the Chapter V

concludes with recommendation for future work.



Il. LITERATURE REVIEW

A. INTRODUCTION

Innovation is the introduction of new techniques, technologies, or tools that
improve the current way of how work is done. From an organizational perspective,
innovation aims to maximize cost savings, improve efficiency, and enhance quality of
service. To achieve the envisaged benefits, the TTT projects developed by the NESDI
program need to be integrated into naval facilities. The motivation of this study is to

understand the factors that hamper NESDI projects integrating into targeted naval facilities.

B. BARRIERS TO TECHNOLOGY INTEGRATION

Many barriers can hinder technology integration. Six types of barriers to technology
integration are identified to give the reader an understanding of how such barriers may

potentially impact successful TTT integration.

1. Organization Objectives Not Aligned for Technology Integration

Studies have shown that for technology to be integrated, the adopting
organization’s objectives must be aligned for this purpose (EImorshidy 2013). Aligning the
objectives of developing any TTT with NESDI’s integration strategy is considered as one
of the most crucial survival and success factors for technology integration. As evident in
the information technology (IT) industry, Joseph W. Weiss and Don Anderson (2004)
highlighted in their study that the consequences of failing to align an organization’s

objectives with technology integration results in the following mishaps:

. Inability to invest the company’s finance in a way that can create the

opportunity for investment and funding.

) Inability to gain trust with the business and provide proactive rather than

reactive services.

) Inability to attract and retain appropriate skills.



. Inability to measure IT’s contribution to the business in terms of

technology adoption and return on investment.

o Inability to communicate strategy to employees and link strategy to
budgets (Weiss and Anderson 2004, 2).

2. Incomplete or Wrong Set of Stakeholders

Identifying the correct and key stakeholders plays an important role to ensure that
the technology is developed in accordance to their effective needs and subsequently
translated to a specific set of stakeholder requirements. According to the SE Body of
Knowledge (SEBoK), stakeholder requirements (1) form the foundation for the system
requirements, (2) act as a basis for system validation and stakeholder acceptance, (3) serve
as a reference for verification, and (4) provide a means of communication between the
developer, technical staffs, and all related personnel (SEBok 2017). Therefore, when key
stakeholders are not identified or involved in the initial planning stage of development,

technology integration at the intended organization or naval facility is not possible.

3. Addressing a Wrong Need

A viable innovative idea generally starts by identifying a “want” or “desire.” This is
considered the “perceived need.” Undergoing a needs analysis as part of the systems
engineering process will translate the “perceived needs” to an effective or a true need. Need
analysis is often conducted together with stakeholder analysis to determine the effective
needs so that the envisaged technology developed meets the stated requirements. When the
Google Glass was first introduced in 2012, it did not last long in the consumer market due to
many criticisms. Such criticisms focused on the poor design and lack of aesthetic appeal,
exorbitant pricing, and its slow development that never seemed to bring the product out of
the beta (trial) stage. The main reason why Google Glass is considered a failure, however,
stems from its lack of connection with real consumer needs. The “perceived” need to (1)
quickly capture images and (2) have the ability to access the internet at a “glance,” which in
this case, is not a true need consumers are looking for (Doyle 2016). In the same light, the

approach of developing this innovative technology first and seeking buy-ins from interested
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users later may not have been an appropriate way to market the product (Marks 2014). This
explains why Google Glass failed. The importance of performing needs analysis to identify

the consumer’s true need is necessary to render the product a successful one.

4. Lack of Resources

Resources such as time, manpower, budget, and technical support are required to
promulgate new technology. Lacking any of these resources may impede or even hinder
technology integration. This is prevalent in the education industry where technologies are
highly utilized to deliver educational content. The lack of budget to procure advanced
educational tools, to implement the use of specific tools across schools, and to provide
technical support has resulted in a lack of technology integration (Tarleton State University
n.d.). In addition, insufficient time dedicated to integrating technology into the teaching
syllabus and the lack of support have forced educators to spend out-of-office time to review
and get familiar with new technology. This eventually leads to teacher “burn out,” and may

even cause teachers to leave the organization (Conley 2010).

5. Regulatory Restrictions

Regulatory restrictions from the government may also be a reason why technology
cannot be integrated. One classic example is the invention of the modern car in the late
1800s. Although the modern car was first invented in Britain, it was actually
commercialized in the United States. This was because the government of England enacted
The Red Flag act due to safety concerns. This act required at least three persons to operate
the vehicle such that one would drive the vehicle, one would fill the gas, and one would
wave a red flag. Limited by this act, the commercialization of modern cars shifted to the
United States, and the rest is history (Khanna 2015). On the same note, technology
integration may be restricted by the obsolescence of government regulations, which
frequently lack the agility to catch up with the latest innovative solutions. To this end, little
or nothing can be done to influence the government regulatory authority from the

developer’s perspective.



6. Adoption and Diffusion Barriers

Technology adoption happens when the end user accepts the new technology as a
replacement for the current technology, and diffusion occurs subsequently, when even
more end users, in this case, from other naval facilities begin to adopt the new technology
due to its well-known benefits (Rogers 1995). One of the main reasons that could prevent
technology adoption and diffusion is the trade-off between the cost and benefits of a new
TTT. When a developed technology is commercialized, potential customers from various
organizations may be most interested in the cost and benefits of the new technology.
Knowing the cost and benefits of new technology will help them to decide whether it is
financially viable to own and operate with the new technology. When solar technology was
first introduced, for example, it quickly became popular, as it is known to provide green
energy with low energy price. Nevertheless, the high investment cost and a failure to
account for the public energy and environmental benefits became the main barrier in
getting the technology quickly adopted and diffused (Philibert 2006) as potential buyers
were unwilling to take the risk without substantiated data.

C. PRINCIPLES OF INTEGRATION

This section explores four relevant guiding principles derived by Gary Langford
(2012) after he reviewed many case studies on integration failures. These guiding
principles can also be regarded as baselines from which the NESDI program can draw
alignment when developing a TTT (Langford 2012, 11-24).

1. The Principle of Alignment

Alignment of strategies for the business enterprise, the key stakeholders,
and the project results in better outcomes for product or service
development.

—Langford
(2012, 11)

Understanding the effective needs of the key stakeholders and knowing how they
are supported by the organization’s strategic directions (i.e., mission, vision, and goals) are

important. Any misalignment between the organization’s objective and the business
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enterprise creates a barrier to technology integration. For successful integration of
technology, Langford (2012) has suggested that the strategies between the key stakeholders
needs should be aligned with the project goals and the delivery of the agreed upon product,
service, or tools. This ensures that the functional and performance requirements of the

technology are delivered within the budget and time constraints.

From the SE standpoint, this principle corresponds to the importance of performing
a thorough problem definition that addresses the stakeholders’ true needs. When the
stakeholders’ vital inputs are taken into consideration in crafting and refining the problem
statement, it would also have encompassed the stakeholders’ objectives (which are aligned

to their business enterprise) in getting the technology integrated within their organization.

2. The Principle of Induction

Inductive reasoning should guide integration management and recursive
thinking.

—Langford
(2012, 11)

The central idea of this principle is to forecast technology integration events based
on preceding events. As Langford (2012) explained, induction refers to deducible
methodology that can facilitate understanding given the uncertainty. Since systems
engineering and the system integration process are considered to be broadly iterative, using
a systematic approach for the development of a project can be useful. To achieve successful
integration, a recursive system thinking process should also be adopted due to the iterative
nature of systems engineering. Adapted from the Defense Acquisition University under the
U.S. Department of Defense (DoD), Figure 2 is a condensed version of the SE process in
a top-down iterative manner. By performing requirements analysis, functional analysis,
and the synthesis step as part of an iterative process, one should be able to anticipate how
the deliverables achieved in the current step apply to the next step recursively. In doing so,
every step performed will be meaningful in obtaining a more refined result using the data
and information gained from the preceding step. The principle of induction or recursive

thinking should be applied to any iterative processes in the course of developing new TTTs.
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3. The Principle of Limitation

Integration is only as good as architecture captures stakeholder
requirements.

—Langford
(2012, 15)

The purpose of system architecture is to propose a complete and extensive solution
to a well-defined problem based on a set of guiding principles and concepts that are
logically related and consistent with one another (SEBoK 2017). As Langford (2012) puts
it, the architecture used for the development of the technology shall “represent the key
stakeholder needs and requirement as modified by their values, preferences, and desires.”
Therefore, the system architecture for a well-defined effective need from the stakeholders

is essential for its integration. From the SE standpoint, this principle corresponds to the

12



importance of conducting needs and stakeholder analyses. Capturing the stakeholder

effective or true need and their requirements sets the foundation for further development.

4, The Principle of Forethought

Integration is a primary, key activity, not an afterthought considered as a
result of development.

—Langford
(2012, 11)

Planning for technology integration should be deliberate and should not be treated
as a “by-product” or a process that “happens naturally” during implementation. Hence,
integration of new technology within an organization must be deliberately planned. In fact,
Langford (2012) has stressed that planning for integration should start as early as the initial
development phase so as to facilitate the planning of developmental tasks. Other factors
such as culture, skills, and the working style of the project team can also be considered
when planning for any teamwork. This principle of forethought may be applicable to the
NESDI program as the integration of a TTT is only performed toward the end of the project

phase, thus limiting the success of integration at naval facilities.

D. INDUSTRY EFFORTS TO INCREASE TECHNOLOGY INTEGRATION

This section of the literature review considers previous efforts to improve
technology integration in different industry sectors. An understanding of how different
industries view technology integration and the level of effort and what planning is required
to ensure technology integration provides a baseline against which NESDI can measure
their own efforts. These examples from industry will help this research to develop ways to

improve technology integration for NESDI projects.

1. Technology Integration Efforts in the Education Sector

The use of technological platforms to facilitate teaching and learning is common in
the education industry sector. Most educational technologies are designed with the aim of
making learning fun and meaningful, especially at the kindergarten to 12th grade (K-12)
level. The effort to increase the use of technology in the education sector has hence been
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widely studied. A study on such technology integration in developing countries showed
effective integration of new technology in schools required (1) strategic planning to ensure
the use of the technology is aligned with the vision, goals, and objectives of the institution,
(2) management planning to allocate budget for the development and acquisition of
educational tools, as well as (3) operational planning to determine the training and staffing
needs, and an action plan for implementing the technology within an institution (Jhurree
2005). Operational planning, in particular, is considered to be the most important as it
“executes” the plan to the end users. Planning for technology integration for the NESDI
program is similar, where strategic and management planning sets the direction and
operational planning carries out the plan. In this regard, developing frameworks to guide
the NESDI program is part of an operational task to increase the likelihood of successful
technology integration for future TTTs.

2. Technology Integration Effort in the Health Care Sector

Health care operations depend heavily on information technology (IT). The use of
IT in the health care industry essentially consists of three main categories: (1) infrastructure
(i.e., electronic health records), (2) performance enhancement (i.e., computer-based
clinical decision support systems), and (3) performance evaluation (i.e., measurement of
the cost, effectiveness, and outcomes of different systems) (Doebbeling et al. 2006).
According to Bradley Doebbeling et al., the effort to integrating IT successfully into the
health care industry mainly focuses on the social engineering aspect, especially at the
system level. In addition, having an open culture in the workplace where workers are
encouraged to provide feedback is an important and useful way to ensure that IT can be
better integrated into the health care industry (Doebbeling et al. 2006). In this regard, the
effort to carry out technology integration at a naval facility must consist of effective
communication to keep the end users well informed of the TTTs’ development. Feedback
channels should also be established as early as possible for end users to provide inputs and
address potential concerns that might be crucial to the development of the TTT.
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1. METHODOLOGY

If 1 were given an hour in which to do a problem upon which my life
depended, I would spend 40 minutes studying it, 15 minutes reviewing it,
and 5 minutes solving it.

—Albert Einstein

A. OVERVIEW
The preceding quotation from Einstein emphasizes the importance of

understanding a problem prior to solving it. The initial phase of the SE process mirrors
Einstein’s point. The process of understanding the problem is encapsulated within the
conceptual design phase of the SE process where problem definition, needs analysis, and
stakeholder analysis are conducted to establish the system requirements needed for further
development (see Figure 3). This phase of the SE process is central to how this study

addresses the thesis objectives.

Detailed Design and
Development

Production / Construction Operational Use and System

Conceptual Design Preliminary Design

Figure 3. System Process Activities and Interactions throughout the
System Life Cycle. Source: Blanchard and Fabrycky (2011).

Setting a strong foundation by identifying the true need and the key stakeholders is
instrumental in paving the way for successful technology integration. The key stakeholders
have a vested interest in getting the newly developed TTT diffused to several (if not all)
naval facilities if the TTT has achieved the established system requirements, thereby
allowing the naval enterprise to reap the projected benefits (i.e., work efficiency and cost

savings).
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B. FRAMEWORK TO CONDUCT COMPARATIVE ANALYSIS

To conduct a comparative analysis between the NESDI’s current processes and the
proposed processes in this study, we apply the logic of a comparative case studies approach
(Yin 2014). This five-step approach is summarized in Figure 4. The purpose of conducting
a comparative analysis is to identify and highlight the differences and gaps between the
processes. Findings from the comparative analyses are then used to develop frameworks to
guide the NESDI program in future TTT development so as to increase the likelihood of

successful technology integration at naval facilities.

1. Clarify the key evaluation
questions and the purpose of the
evaluation

2. Define the type of cases that will
be included and how the case study
process will be conducted

New cases

New data on existing cases

3. Define how evidence will be
collected and analyzed

4. Identify gaps between processes [+

L 1

5. Report findings

New analysis of existing data

Figure 4. Logic of Comparative Case Studies. Source: Yin (2014).

1. Clarify the Key Evaluation Questions and the Purpose of the
Evaluation

The first step in the logic of the comparative case studies approach is to ask key
evaluation questions (KEQ) or high-level questions to rationalize the use of comparative
analysis as a basis for the evaluation of processes. Some questions related to process

evaluation are:
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. How appropriate is the NESDI’s TTT development process as compared

to the SE process?

. How appropriate is the NESDI’s integration process as compared to the

newly defined integration process proposed in this study?

. How satisfied are the stakeholders?

2. Define the Types of Cases Used and How Comparative Analysis Will
Be Conducted

We use two completed NESDI projects as case studies for the comparative
analyses. We compare one case with the SE process and another case to examine the
adoption and diffusion process. Details of the comparative analyses for the two case studies

are elaborated in Chapter IV.

3. Define How Evidence Will Be Collected and Analyzed

The author visited the NAVFAC Engineering and Expeditionary Warfare Center
(EXWC) in Port Hueneme in April 2018, and spoke with various key appointment holders.
Information and data collected during the visit are used to facilitate the conduct of the
comparative analyses between the processes. Comparative analysis is an iterative process.
Whenever there are new data on existing cases, new analysis and in-depth interpretation
can provide new insights or additional evidence to address potential gaps in the current

NESDI integration process.

4, Identify Gaps between Processes

Gaps and differences identified in the preceding steps are used to formulate a
framework, which in turn can be used increase the likelihood of successful integration of
TTTs. This is also an iterative process whenever new analyses of data can help identify
additional gaps that can be leveraged to improve the framework.
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5. Report Findings and Develop Framework

Results yielded from the comparative analysis are used to develop the framework
for the NESDI program.

C. COMPARATIVE ANALYSES OF PROCESSES

In Chapter |, the definition of technology integration is redefined for the NESDI
program to establish a common understanding. Using this new definition, meaningful
comparative analyses can be established at different stages of the technology integration
process to identify the gaps and differences between the processes (see Figure 5). Initial
assessment of the NESDI’s process is evaluated to identify the potential root causes that
limit technology integration. Next, using two completed projects from the NESDI program,
comparative analyses are conducted with the SE process and the adoption and diffusion
(innovation-decision) process to validate the initial assessment and identify gaps between
the processes. Lastly, findings from the previous section are utilized to develop the
frameworks to provide detailed guidance for NAVFAC and the NESDI program in
developing future TTT projects.

NESDTI’s Technology Integration

Technology ’ Technology . Technology

Transition Adoption Diftusion
L J
Y
v l
Comparative Analysis 1 Comparative Analysis 2
NESDI’s Development Process NESDI’s Integration Process
versus SE Process versus Adoption and Diffusion Process
Establish Framework 1 Establish Framework 2
Figure 5. An Overview of Comparative Analyses.
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1. Comparative Analysis of NESDI’s Development Process Versus SE
Process

To facilitate technology transition, the TTT development process must be built on
the right foundation. The focus of the first comparative analysis is to set the groundwork
by comparing the NESDI’s development process and the SE process. Adapted from the
NESDI 2016 Year in Review Report, the NESDI program process or the TTT development
process is summarized into four broad steps as depicted in Figures 1 and 6. The SE process,
on the other hand, is adapted from the DoD SE Process Model of 2014 where the process
of developing a defense capability is summarized in a Vee model. In this comparison,
emphasis is given to the initial development process where (1) problem definition, (2)
needs analysis, and (3) stakeholder analysis are conducted (shaded region of Figure 6).
This is important as the basis of this comparative analysis is to establish a valid foundation
for system development first. The process of conducting problem definition, needs
analysis, and stakeholder analysis are described in the following sub-sections. These SE
processes are followed closely to draw comparisons with the NESDI approach of
integrating Project 341 (zinc removal from compensating ballast water) into the U.S. Navy

enterprise.
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The NESDI Program Process
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Figure 6. Comparative Analysis of NESDI’s Development Process

and the SE Process. Adapted from NESDI (2016).

a. Problem Definition

To begin identifying a need, we must first define the problem at hand. The initial

problem statement establishes the perceived needs. Information and knowledge realized

later during the needs and stakeholder analyses will be utilized to refine the problem

statement. This frames the problem more accurately for the development of the TTT. The

initial problem definition can be crafted by answering the following questions (Holness

2017):
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. When did the problem arise?

o What had been done with the problem before?

. What would the world be like if the problem did not exist?

. Do we have all the facts or supporting evidence? Are they accurate?
. Is there a logical explanation for the cause of the problem?

On the similar note, SEBoK also raises the following questions to further clarify
the problem (SEBoK 2014):

. Does everyone think that it is a problem?

) Who or what is impacted?

° What is the environment and what are the external factors that affect the
problem?

There are many methods to define the problem. Observation, surveys, and
interviews are just some of the techniques to define the problem. Alternatively, other
popular methods, such as the Five why’s Technique, casual loop diagram, or the Ishikawa
(fishbone) diagram, can also be used to frame and give clarity to the problem (Blanchard
and Fabrycky 2011). These methods facilitate the identification of the potential cause of
the problem and could eventually lead to the root cause. Knowing the root cause thus helps
to frame the problem area better. Having an accurate problem statement is important to
increasing the likelihood of successful technology integration because it helps the
development team and the key stakeholders to stay focused and establish a common

understanding of the problem at hand.

b. Needs Analysis

Needs analysis is an iterative process that generally starts by establishing an initial
problem statement where the perceived needs from the stakeholders, clients, or the decision

makers are captured. The problem statement is then revised iteratively to include new
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information or knowledge that helps to refine the problem. Once the initial problem
statement is crafted, asking the following questions helps to establish some key
“parameters” that are essential to identify a true, actual, or effective need. The following
questions are proposed to help guide the identification of an effective need (Holness 2017):

. What is the situation? Is it a new development or an improvement type of

project?

o What kind of need is the system/TTT fulfilling?

. Is there any relationship with other needs?

. What is the frequency of the need?

. How urgent is the need?

. What limits are imposed on the solution set?

. What are the potential impacts in the environment and on other systems?
o Are there tolerances to be observed when satisfying the need?

. What are the viewpoints of the stakeholders?

Identifying the effective need is crucial to achieving successful technology
integration because it directs the development of the TTT and solves the problem
experienced by various naval facilities at the enterprise level. This enables the U.S. Navy
to advance in accordance with the strategic direction set by the NESDI program—that is,
to “minimize operational environmental risks, constraints, and costs while ensuring fleet
readiness” (U.S. Navy Energy, Environment and Climate Change n.d.-a). While the current
TTTs developed by the NESDI program address an impending need, it is still required to
ensure that the impending need is an effective need at the enterprise level. Meeting the
effective need with a specifically designed TTT will promote technology integration across
the U.S. Navy.
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C. Stakeholder Analysis

The stakeholder is considered to be the “individual or organization having a right,
share, or interest in a system or in its possession of characteristics that meet their needs and
expectations” (ISO/IEC/IEEE 2015). Hence, identifying and analyzing the stakeholder
needs is considered stakeholder analysis. Langford’s book on engineering systems
integration is extensively referenced for stakeholder analysis as he provides detailed and
systematic guidance for analyzing qualitative information to determine the interests of
stakeholders when developing a TTT (Langford 2012, 259-265). This study adopts

Langford’s five-step approach in conducting stakeholder analysis.

1) Identify of Potential Stakeholders

There are many ways to identify potential stakeholders. One of the simplest ways
is to conduct a brainstorming session with a project team and list any customers or users
who may have an interest in the proposed TTT and how it can potentially benefit them in
the long run. In this regard, the Defense Acquisition University (DAU) has provided some
useful questions that may help to identify potential stakeholders. The list of questions is by
no means exhaustive (DAU 2017):

o Who will receive the deliverables of or benefits from the proposed TTT?
. Who will work with you to implement the project?
o Who is paying for the project?

@) Classify Potential Stakeholders

After identifying the list of potential stakeholders, the next step is to classify them
into internal, first-, and second-order stakeholders. (Langford 2012):

Q) Classify Potential Internal Stakeholders

Langford defined potential internal stakeholders as those who “only interact with
internal system elements or with other stakeholders” (Langford 2012, 262). They are the
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ones with the largest stake in the project and are responsible for the development and
integration of the TTT.

(i)  Classify Potential First- and Second-Order Stakeholders

Langford defined potential first-order stakeholders as those who “have direct
contact with the system but do not have direct interactions with the internal stakeholders”
(Langford 2012, 262). By contrast, the potential second-order stakeholders are those who
“are connected indirectly to the system via the interaction with first-order stakeholders”
(Langford 2012, 262).

(3) Determine Potential Stakeholder-System Relationships

Once the potential stakeholders are identified, the next step is to prioritize them
based on how the potential stakeholders may influence the system. The purpose of doing
so ensures that the vital inputs and feedback provided by the stakeholders are taken into
consideration for subsequent development (Langford 2012, 262). The following questions
can be used as a guide to determine how much influence a stakeholder may have (DAU
2017):

. What legitimate authority do the stakeholders have in the organization

(i.e., do they control the budget?)
. Who controls the strategic resources for the project?

o How much negotiation power or influence do particular stakeholders have

over others?

In conjunction with stakeholders’ influence, we can also represent the priority of
the potential stakeholders in a graphical way using the Power-Interest Matrix (Mendelow
1991). By answering the following question, the identified stakeholders can be prioritized
into one of the four quadrants of the Power-Interest Matrix (see Figure 7). Therefore, this
forms the stakeholder management strategy to promote positive relationships during the
course of project development and minimize negative impacts on the stakeholders. Some
questions to guide the prioritization of potential key stakeholders include:
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. What is the power of the stakeholders (power and interest)?

. How much influence do they have on the project (power and influence)?
. What is the interest level of the stakeholders (influence and impact)?
o How much do they desire to be involved with the project (power, urgency,

and legitimacy)?

High C. Keep Satisfied D. Manage Closely
Low interest but high power High interest and high power
Best to keep these stakeholders Stakeholders who are the major
satisfied to avoid them gaining drivers of change and could stop
interest and moving to Box D. management plans if not satisfied.
POWER .
0 A. Monitor B. Keep Informed
Low interest and low power High interest but low power
Stakeholders who have a lack of | These stakeholders are interested
interest are open to influence. in the strategy but lack the power
Tend to accept what they are told to do anything.
and follow instructions.
Low
Low INTEREST High
Figure 7. Power-Interest Matrix. Source: Mendelow (1991).

4) Determine Key System Stakeholders

Langford defined the key system stakeholders as those who are responsible for the
acquisition, development, and integration of the TTT. Hence, the key system stakeholders
must be involved as early as the initial stage of TTT development so as to see the TTT
through the acquisition, development, and integration stages. Alternatively, the key

stakeholders can also be defined based on the frequency of direct interactions with other

25



stakeholders within the system. Stakeholders with more interactions are likely to influence

the system to a large extent.

5) Define Stakeholders’ Requirements

Defining the stakeholder requirements is one of the most important steps during the
initial stage of the SE process. The inputs and requirements solicited from the key
stakeholders are used to derive top-level technical requirements for the TTT that in turn
serve to address the operational requirements (true need) in a naval facility (DAU n.d.).
Using the mnemonic acronym S.M.A.R.T, developed by George T. Doran (1981), in

setting the requirement is a useful way to start. A brief description of each attribute follows:

. Specific: The requirement must be clear, concise, and as simple as possible.
The wording of requirement must be able to achieve the same interpretation

across different stakeholders.

. Measureable: The requirement must be able to be measured qualitatively

and quantitatively.

. Assignable/Attainable: The requirement must be achievable given the

circumstances in which the system will be used.

. Realistic: The requirement must be associated with real-life performance
measurements.
. Time-bound: The requirement must include time-based elements to ensure

it is traceable and progressively monitored.

Identifying the key stakeholders and getting their advice in developing new TTTs
is pivotal to increasing the likelihood of successful technology integration. This is because
the key stakeholders are able to articulate their needs in detail and ensure that the developed
TTT truly meets its intended purpose. Upon the completion of a new TTT, the key
stakeholders will also have vested interests in implementing the TTT at their respective
naval facilities and getting their end users to adopt it.
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2. Comparative Analysis of NESDI’s Integration Process Versus the
Adoption and Diffusion (Innovation-Decision) Process

The second comparative analysis is conducted between the current NESDI
integration process and the adoption and diffusion process (see the shaded region of Figure
8). The adoption and diffusion process is adapted from the innovation-decision model
developed by Rogers (1995) to capture the behavior of individuals on how they would
respond to new TTT. This comparison aims to assess the effectiveness of technology
integration at naval facilities based on how the TTT is communicated and “advertised” to
the end user. These processes are followed closely to draw comparisons with NESDI
Project 288 (Nofoam system for automotive fire apparatus vehicle foam discharge checks,

or Nofoam unit technology, for short) in Chapter IV of this study.
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a. Technology Adoption and Diffusion Process

Technology adoption at the organization level (targeted naval facility) and
technology diffusion at the enterprise level (two or more naval facilities) are both desired
outcomes of the NESDI program. To achieve this, understanding the behavior of end users
with respect to accepting a new TTT can help the NESDI technology integration team to

tailor a communicate plan to suit different naval facilities.

The technology adoption and diffusion process, also known as the innovation
decision model conceptualized by Rogers (1995) begins with the end user when he or she
is (1) aware of the new TTT (knowledge), (2) forms an attitude toward the TTT
(persuasion), (3) decides whether to incorporate the new TTT into ongoing practice
(decision), (4) uses the TTT (implementation), and (5) recognizes the benefits of using the
TTT (confirmation) (see Figure 9). As the process takes time, a carefully orchestrated
communication plan is essential to introduce the new TTT to a naval facility. The basis of
the second comparative analysis centers on this process to draw a comparison with NESDI
Project 288.

COMMUNICATION CHANNELS
Prior Conditions '

________________________________________________________________________________

: - H I ' ' 1
1. Previous practice ¥ L ¥ + -
2. Felt needs L 1L 1L Iv. V.
problem KNOWLEDGE PERSUASION DECISION IMPLEMENTATION, CONFIRMATION
3. Innovativeness a
i
!

4. Norms of the ]
social systems Perceived Characteristics

of the Innovation 1. j\dop{jgn
1. Relative advantage

. Compatibility

. Complexity 2. Rejection

. Trialability

. Observability

T ST}

Figure 9. Innovation-Decision Model. Source: Rogers (1995).

1) Stage I: Knowledge

Suppose the TTT is at the final phase of development (or at any phase the
stakeholders deem suitable) before rolling out for facility-wide implementation, the key

stakeholders who are involved in the TTT development must begin to create awareness
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within the naval facility to inform employees (who are also the end users) about the new
TTT. Prior to this, a comprehensive and deliberate transition plan to assimilate the new
TTT into the naval facility must be established and address how the new TTT will be rolled
out and how the end users will begin using it or how the work process will change to use
the new TTT. Training, maintenance, and relevant plans required for the new TTT must
also be established as part of the TTT development process. With this, the end users will

have confidence in adopting the new TTT.

2 Stage I1: Persuasion

Stakeholders from the naval facility who are involved in the development of new
TTT are responsible for getting their end users to adopt the new TTT. On one hand, getting
them to use the new TTT requires command emphasis driven by the base commander of